The Hindu Kush -Himalaya (HKH), extending about 3,500 km from east to west in Asia from Myanmar in the east to Afghanistan in the west, form the water sources for many rivers that have spiritual, cultural and economic values. The biodiversity is unique and rich yet not adequately explored and studied. Some studies have been carried out in the Kashmir Himalaya in India followed by Everest Region in Nepal. Most of the studies have dealt with physico-chemical analysis of the water samples; however complete bathymetric and limnological studies have not been performed. The high altitude Himalayan lakes are remote and difficult to access. They are characterized by the presence of glacial silt, low Sechhi values, low conductivity and neutral pH. The most dominant cation and anion in high altitude lakes are Calcium (Ca) and Bicarbonate (HCO 3 ) respectively with few exceptions. Water chemistry of the lakes is dependent on the geolithology of the catchment area. Most of these lakes are categorized as oligotrophic or ultraoligotrophic. Biological communities are represented only by stenothermal species typical of high altitude lakes. Palaeolimnological studies could provide an insight into the environmental reconstruction which in turn may help to develop monitoring tools for these unique habitats.
INTRODUCTION
The Hindu Kush Himalaya (HKH) is an extraordinarily high mountain chain spanning almost 3,500 km east to west across eight countries (Myanmar, Bhutan, Nepal, China, India, Pakistan, Bangladesh and Afghanistan) in Asia and encompasses many varied cultures and an extensive diversity of flora and fauna. It is the most populated mountain chain in the world sustaining approximately 200 million people and affects the lives of approximately 1.3 billion in the plains and river basins below (ICIMOD 2009) . There are about 15,000 glaciers and 9,000 glacial lakes in Bhutan, Nepal, Pakistan and selected basins of China and India (Mool et al. 2005) . The Himalayan glaciers contribute to the largest body of water outside the polar caps. This enormous amount of captive water and ice has aptly earned the Himalayan region the designation 'Third Pole' (Dyhrenfurth 1955) . These glaciers serve as one of the nature's renewable storehouses of freshwater and they feed major river systems of the Asian subcontinent such Journal of Wetlands Ecology, (2009 ) Vol. 3, pp 12-22 ISSN: 2091 , Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal 2 as the Ganges, the Brahmaputra, the Indus, the Mekong, the Irrawaddy, the Tarim, the Salween, the Amu Darya, the Yellow river and the Yangtze (ICIMOD 2009). It forms the water lifeline for almost 10% of the total regional human population. The ecological function and services of the Himalayan mountain wetlands are essential for the sustainable development of more than 10 countries in Asia living in the mountain ranges as well as those living down streams. In addition; they have cultural and spiritual values for local people. These unique wetland ecosystems not only fulfill important functions in the overall water cycle of the basins but also support and provide a myriad of wildlife habitats (Lei 2005) .
High altitude mountain lake ecosystems play an important role as water sources for communities at lower altitude and sustain a high degree of biodiversity (Boggero et al. 2005) . Although the high altitude wetlands are perceived to be in pristine conditions, studies in the Alps (Mosello et al. 1991 , Koinig et al. 1998 , Tait and Thaler 2000 , Vilanova et al. 2001 , South America (Rogora et al. 2008 ) and the Himalaya (Galassi et al. 1997 , Lami et al. 1998 ) have shown that they can be susceptible and vulnerable to changes in the environmental conditions.
High altitude limnological studies in the Himalayas have mostly been carried out in the Kashmir Himalayas ( for example, Zutshi and Khan 1978 , Vass and Zutshi 1983 , Koul et al. 1988 , Vass et al. 1989 , Zutshi 1991 . Although Nepal is rich in surface water resources and has many high altitude lakes, most of the country's limnological studies have been focused in the lowland lakes (Swar 1980 , Swar and Fernando 1980 , Jones et al. 1989 , Bhandari 1993 , Rai 2000 . High altitude limnological studies have been sporadic until 1980s (Löffler 1969 , Okino and Satoh 1986 , Aizaki et al. 1987 . However, during the last decade, under the strategic framework of the EV-K2-CNR Project, high altitude lakes in the Everest Region have been investigated. This review attempts to summarize the present limnological status of the Nepalese high altitude lakes.
HIGH ALTITUDE LIMNOLOGICAL STUDIES IN NEPAL
Of the nine Ramsar sites in Nepal, four are high altitude lakes. These are the Gokyo and the associated wetlands (4700-5000m), Shey Phoksundo (3555m; DNPWC 2006), Lake Rara (2990m ; Ferro 1978) and Lake Gosaikunda (4054-4620m). Maipokhari Lake (2150 m) in the eastern district of Ilam has been recently included in the Ramsar site. This shows not only a clear indication of importance of high altitude lakes and their ecological services but also the Government's commitment to strengthen conservational measures and wise use of these wetlands.
The first ever high altitude limnological studies in Nepal were conducted in the lakes of the Khumbu Valley in the Everest region (Löffler 1969) . The study was based on lake morphometry, limnochemistry and lake biota. Similar researches were conducted on other lakes, e.g., Lake Rara (Okino and Satoh 1986) , Lake Tilitsho (Aizaki et al. 1987) . More extensive limnological studies in the Everest region were carried out almost three decades later , Lacoul and Freedman 2005 . Lake Cadastre Number (LCN) was assigned to ninety lakes of the Khumbu and the Imja Khola Valleys including those of the Ngozumpa valley . Of the many lakes studied in the Everest region, Lake Pyramid Superior (LCN 9) and Lake Pyramid Inferior (LCN 10) have been investigated for Journal of Wetlands Ecology, (2009) Vol. 3, pp 12-22 ISSN: 2091-0363, Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal PCB and chlorinated pesticides (Galassi et al. 1987) , biological community (Manca et al. 1994) , organic carbon and microorganism (Bertoni et al 1998) , palaeolimnological studies (Lami et al. 1998) etc.
PHYSICO-CHEMICAL CHARACTERIZATION
Lake Rara, the biggest lake in Nepal, is located at an altitude of 2990 m (Ferro 1978) . It has two basins with a maximum depth of 167 m in the western basin (Okino and Satoh 1986) . The lake has 34 inlets with only one outlet which joins the Karnali River, a tributary of the Ganges. The lake was classified as an oligotrophic based on chlorophyll 'a' contents, total nitrogen (TN), and dissolved oxygen (DO) estimation (Okino and Satoh 1986) .
Lake Tilitsho located at 4920 m in Central Nepal is the largest glacial lake in the country with an area of about 10.2 km 2 and a maximum depth of 95 m. Most of the region of the lake is deeper than 60 m (Aizaki et al. 1987) . Presence of glacial silt and a strong chemical stratification was observed with a higher concentration of Aluminium and Iron in the epilimnion, whereas the concentration of Sodium, Sulphur, Magnesium and Silica were higher in the hypolimnion. The lake was classified as an ultraoligotrophic lake (Aizaki et al. 1987) . Among the cation, Strontium was the most dominant followed by Calcium; and among the anions, the sulphate was the most dominant.
Lake water chemistry of Khumbu and Imja valleys has revealed that one third of the solute content in these lakes are accounted by the presence of Sodium and Chloride of marine origin. The lakes of Ngozumpa valleys have shown oversaturation of carbon-di-oxide ). Calcium and bicarbonate were the most dominant cation and anion respectively (Tartari et al. 1998, Lacoul and Freedman 2005) ; although some lakes have dominance of sulphate. Sulphate as the most dominant ion has been also reported in Lake Puma Yumco (5030 m) in Tibet (Mitamura et al. 2004) . In general, the conductivity of high altitude lakes (Lacoul and Freedman 2005) and surface waters (Reynolds et al. 1995 ) is low (Table 1) . Their finding has also revealed that the conductivity has decreased with the increase in altitude.
pH values in most of these lakes ranged from 7-8 indicating circumneutral character (Okino and Satoh 1986 , Aizaki et al. 1987 , Lacoul and Freedman 2005 . Similar findings have been observed in the Kashmir lakes , Zutshi 1991 
BIOLOGICAL CHARACTERIZATION
Biological communities in Nepalese high altitude lakes are represented by few and monotonous species (Löffler 1969 , Okino and Satoh 1986 , Manca et al. 1998 . In Lake Rara, eleven species of planktons were recorded (Table 2 ) and they were represented by Protozoans, Cladocerans, Copepods and Rotifers. Seasonal change in the zooplankton density was observed (Okino and Satoh 1986) . Like Lake Rara, Lake Tilitsho was found to harbour only a few plankton species. Fish has not been observed in these lakes except Lake Rara which has been found to harbour three endemic species of Schizothorax (Terashima, 1984) .
Most of the hydrobiological studies on the Khumbu and Imja Khola Valley lakes have provided an insight into the biological community of these lakes (Manca et al. 1994 , Manca sand Mura Journal of Wetlands Ecology, (2009 ) Vol. 3, pp 12-22 ISSN: 2091 , Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal 5 1997, Manca and Comoli 2004) . A total of nine species of Crustaceans and eight species of Rotifers were reported in these lakes (Table2). The most widely distributed species was an endemic Arctodiaptomus jurisovitchi. This species was observed in all the studied lakes except in LCN 69 (4850 m); whereas in LCN 26 (5074 m) it was the only zooplankton found (Manca et al. 1998 ) . The same species was reported by Löffler (1969) in the lakes in Mount Everest Region as well as in the Kashmir Himalayan lakes (Vass et al. 1989) . Macroinvertebrates were mostly represented by Chironomids followed by Oligochaetes. Chironomids were mostly represented by Diamesinae and Orthocladiinae. Orthocladiinae is typical of high altitude lakes in European alpine lakes also (Boggero et al. 2006) . Oligochaetes were mostly represented by tubicolous forms. Plecopterans like Capniidae, Trichopterans; Turbellarians and Acari Hydrocarinids were relatively uncommon in Himalayan high altitude lakes. Trichopterans were mostly represented by Limnephilids which are common in high altitude localities (Boggero et al. 2006) . Few palaeolimnological studies carried out in some of these lakes have revealed that there has been a change in algal assemblages (Lami et al. 1998 ) and faunal assemblage (Manca and Comoli 2004) . In the Nepalese context, high altitude limnological studies pose many challenges in terms of accessibility, weather and altitude. Therefore, very few of these wetlands have been investigated. A thorough investigation on lake morphometry and bathymetry is lacking. Similarly, the knowledge on the aquatic biota is also scant. Some of these lakes have socio-cultural and aesthetic values; making the number of people visiting each year on the rise. Therefore, there is a need to monitor these lakes on a long term basis. Investigation of lake sediment biota (e.g., Chironomids, Cladocerans and Diatoms) which act as environmental archives could provide a clue to develop an effective monitoring tool for the sustainability of these unique wetlands.
